Rocketdyne Follow-On Health Study
6-8 April 2005
Overview




Who was in the study?

54,384
Rocketdyne Workers
from 1948-1999

6,601 Short
Term (< 6 mo.)

\ 4

46,970 ) 813 Insufficient
Eligible Workers | Identifying Information or

/ l \ Not Employee

5,801 8,372 32,979
Radiation Chemical Group Comparison Group
Group * (SSFL)* (Canoga Park etc)

99.2% of eligible workers as of 12/31/99 were traced

*182 workers included in both groups




What were the two types
of radiation exposure?

External

¥
Y,

Uniform dose

Delivered during exposure
Film (TLD) badge reading

Internal

Non uniform dose
Protracted in time
Bioassay measurements




How many people were in the
radiation group?

Total in Group:
5 801 Both Internal
y and External
Exposure:
2,174

Only External
Exposure: 3,569

Only Internal
Exposure: 58

*182 workers in the radiation group also worked on test stands




Potential Chemical Exposure
Characterized by Years Worked

 Work at SSFL

 Work as Test Stand Mechanic

— Exposure to “Test Stand Environment”,
including chemical mixture of fuels, oxidizers,
exhaust gasses, solvents and other chemicals

— Hydrazines
— TCE as a “Utility Solvent”
— TCE as a “Flush Solvent”




Nine Discussion
Sessions




How many SSFL workers were potentially exposed

to chemicals as test stand mechanics?

Test Stand Mechanics: 1,651

Potential
Hydrazine
Exposure

No TCE Potential No
Exposure: TCE Hydrazine
537 Exposure: Exposure:
1,114 1,127

Possible
but
Unlikely
Hydrazine
82 test stand workers also included in the radiation group Exposure




Worker Groups
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Radiation Group Chemical (SSFL) Other Workers
Group




Rocketdyne workers had a lower risk of death than
the general population of California

|

11,118
All Causes ﬁ 12,816
All Non-Cancer 7,929
Causes 9,368

All Cancers

Lung Cancer

Liver Cancer O Observed

B Expected - based on mortality
Leukemia rates for California

2,000 4,000 6,000 8,000 10,000 12,000
Number of Deaths




Rocketdyne radiation workers had a lower risk of
death than the general population of California

All Causes

All Non-Cancer
Causes

456
Al Cancers |
1

15
Lung Cancer ; 169 0O Observed

_ B Expected - based on mortality
Leukemia i18 rates for California
16
0 200

not CLL

400 800 1000 1200 1400 1600 1800
Number of Deaths




Most radiation workers received
very low exposures
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5-9 10-49 50-99 100-199
External Radiation Dose (mSv)

1 mSv =100 mrem




What was the effect of including pre-
and post-Rocketdyne radiation dose?

Il

I Dose Only at Rocketdyne

I Total Dose, including pre- and
post-employment at Rocketdyne
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Interpreting Dose Response Graphs

Results are presented with the
Confidence Interval:

* The confidence interval is the
range of possible Relative Risk
(RR) values.

A Confidence Interval that
does not contain 1.0 is
statistically significant.

Upper Confidence Limit
Relative Risk (RR) Value

Lower Confidence Limit

‘Increasing RR - Noteworthy

Comparison
Group

D0OSE mmmpp

Flat RR — No Association

Comparison

Group
Dose wmp

Decreasing RR

I

Comparison
Group
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No evidence that radiation increased the risk of
dying from cancer (excluding leukemia)
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@® Relative Risk
== 05% Confidence Limits

258 cancers
among 3,928
workers

2,635 cancers
among 41,169
workers
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54 cancers
among 601
workers

93 cancers
among 949
workers

8 cancers
among 160
workers

13 cancers
among 100
workers

5 cancers
among 63
workers

Not Monitored

10 year lag
1 mSv =100 mrem

5-9

10-49

50-99

External Radiation Dose (mMSv)

100-199




Il

dying from lung cancer

No evidence that radiation increased the risk of
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@® Relative Risk

917 cancers
among 41,169
workers
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== 05% Confidence Limits

96 cancers
among 3,852
workers

17 cancers 28 cancers
among 561 among 976
workers workers

5 cancers
among 310
workers

5 cancers
among 102
workers

Not Monitored

10 year lag
1 mSv =100 mrem

5-9 10-49
Dose to Lung (mSv)




Suggestive, although not statistically
significant, evidence that radiation increased the
risk of dying from leukemia

@® Relative Risk 1 cancer in the 50 — 99 range 2 cancers

== 95% Confidence Limits 0 cancers in the 100 — 199 range } among 334
1 cancer in the > 200 range workers

1 cancer
among 753
workers
2 cancers 4 cancers
among 636 among 993
workers workers

9 cancers
among 3,085
workers

| 80 cancers
among 41,169
workers

Not Monitored

1 mSv = 100 mrem Dose to Bone Marrow (mSv)

Excludes chronic lymphocytic leukemia




Radiation Summary Findings

Radiation exposure has not caused a detectable
Increase in cancer deaths among Rocketdyne
workers

— Mean dose was low

— There were no significant trends between radiation
dose and any cancer, including lung cancer

— Suggestive trend for leukemia was based on small
numbers (18 observed v 15.5 expected) and trend
was not statistically significant




SSFL workers (Chemical Group) had a lower risk
of death than the general population of California

]

2,251
All causes #zm
All Non-Cancer 1,596
Causes 1,979

655

All Cancers 736

Lung Cancer
O Observed

Leukemia 23 B Expected - paseq on mortality
27 rates for California

1000 1500 2000

Number of Deaths




No evidence that working at SSFL increased the
risk of dying from all cancers combined
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== 05% Confidence Limits

405 cancers 204 cancers 48 cancers
among 5,637 among 2,197 among 538

2,086 cancers workers workers workers
among 32,979
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Comparison Group <5yr 5-14 yr
(Other than SSFL
Workers)

Years Worked at SSFL




Test stand mechanics had a lower risk of death
than the general population of California
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All Causes

All Non-Cancer
Causes

All Cancers

Lung Cancer

Kidney Cancer O Observed

B Expected - based on mortality
Leukemia rates for California

300 400 500
Number of Deaths




No evidence that working as a
test stand mechanic increased the
risk of dying from all cancers combined
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@ Relative Risk 35 cancers 81 cancers 58 cancers
among 368 among 800 among 474
== 05% Confidence Limits workers workers workers

151 cancers
among 1,598
workers
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Comparison Group <1yr 1-4 yr
(SSFL Not a Test Stand
Mechanic)

Years Worked as a Test Stand Mechanic




No evidence that working as a
test stand mechanic increased the
risk of dying from lung cancer
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@® Relative Risk 10 cancers 31 cancers 22 cancers

i o among 368 among 800 among 474
= 95% Confidence Limits workers workers workers

59 cancers
among 1,598
workers
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Comparison Group <1yr 1-4 yr
(SSFL Not a Test Stand
Mechanic)

Years Worked as a Test Stand Mechanic




Classification of potential exposure to hydrazines
among test stand mechanics based on job title
and test stand
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Comparison Possible but <15yr
Group Unlikely*
(SSFL Not Test
Stand Mechanic)

Years of Potential Exposure to Hydrazines

*Most workers (>90%) did not work with hydrazines but could not be distinguished




Test stand mechanics potentially exposed to
hydrazines had a lower risk of death overall but
slight increased risk of dying from cancer
compared to the general population of California
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101

All Causes

All Non-Cancer 68
Causes 84

33
All Cancers 30

Lung Cancer O Observed

B Expected - based on mortality

Kidney Cancer rates for California

60
Number of Deaths




No evidence that test stand mechanics with
potential exposure to hydrazines had an increased
risk of dying from all cancers combined

Il

17 cancers
@ Relative Risk 24 cancers among 156

= 95% Confidence Limits among 205 workers
workers 16 cancers

among 159
workers

2.0

92 cancers
among 920
151 cancers workers
among 1,598
workers
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Comparison Group No Hydrazines Possible but Unlikely <15yr
(SSFL Not Test
Stand Mechanic)

Years of Potential Exposure to Hydrazines
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Little evidence that test stand mechanics with
potential exposure to hydrazines had an increased

risk of dying from lung cancers
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@® Relative Risk

13 cancers 7 cancers 8 cancers
among 205 among 156 among 159

== 959% Confidence Limits workers workers workers

59 cancers
among 1,598
workers

30 cancers
among 920
workers

Comparison Group
(SSFL Not Test Stand
Mechanic)

No Hydrazines Possible but Unlikely <1.5yr

Years of Potential Exposure to Hydrazines




Classification of potential exposure to
trichloroethylene (TCE)* among test stand
mechanics based on job title and test stand
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Comparison Group No TCE <4yr
(SSFL Not Test
Stand Mechanic)

Years of Potential Exposure to TCE

*Includes TCE exposure potential from engine flush and use as a utility solvent




Test stand mechanics potentially exposed to TCE
had a lower risk of death overall but similar risk of
dying from cancer compared to the general
population of California

All Causes

All Non-Cancer
Causes

All Cancers

Lung Cancer
O Observed

W Expected - based on mortality
rates for California

100 150 200 250 300 350 400 450
Number of Deaths




No evidence that test stand mechanics with
potential exposure to TCE had an increased risk of
dying from all cancers
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== 95% Confidence Limits 28 cancers 69 cancers 52 cancers

among 329 among 695 among 416
workers workers workers

151 cancers

among 1,598
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Chemical Summary Findings

Work at SSFL, as a test stand mechanic or with
specific chemlcals has not caused a detectable

increase in cancer deaths among Rocketdyne
workers

— There were no significant trends or any significant
excesses of cancer among workers at SSFL, or
among test stand mechanics

— Hydrazines were not linked to significant increased
risk of cancer, although lung cancer elevated
compared to general population

— TCE was not linked to any significant increased
risks of cancer




Limitations

Low exposures limit ability to detect increased risks, if
they existed

Chemical exposure only “potential” since few
measurements made in early years

Lifestyle factors such as diet and tobacco use not
Known

Mortality rather than iliness




Strengths

Multiple data sources used to identify study groups
— 99.2% of eligible workers traced
Comprehensive Radiation Assessment

— Doses obtained pre and post Rocketdyne

— Comprehensive estimates of internal radiation doses
Chemical Exposure Assessment

— Worker assignments to specific test stands

— Accurate assessment of hydrazines and TCE exposure

Additional analyses conducted

— Including comparisons to other workers at local Rocketdyne
facilities such as Canoga Park




Conclusions

The Follow-on Study found no consistent

or credible evidence that employment at

SSFL adversely affected worker mortality.
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